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1. Introduction
In the last RAN2 meeting (RAN2#89), there was an offline discussion on the contribution concerning how the UE is assumed to signal its UL CA capabilities. However, the contribution dealing with the topic was never discussed online, so an e-mail discussion was agreed to have a way forward on the topic.
	R2-150639
Clarification to UL CA capabilities; Nokia Networks, Nokia Corporation

CB: [LTE/CA] Clarification to UL CA capabilities (Nokia Networks)

· [LTE/CA] Clarification to UL CA capabilities (Nokia Networks)
-
Related to R2-150639
=>
Intended outcome: Email discussion report and optionally CRs


The following schedule was proposed by the Rapporteur for the discussion:

· Phase 1: To collect the opinions from each company by April 8th (Wed) 23:59 PST.
· Phase 2: If possible, draft the way forward and potentially a CR based on the discussion outcome by April 8th (Wed) 23:59 PST.
2. Background of the discussion
2.1 Issues with Rel-10 Band combination signalling

In the UE capability signalling for Rel-10, UE indicates its supported band combinations for CA. The basic Rel-10 ASN.1 for this is shown below:

	SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10 

BandCombinationParameters-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r10

BandParameters-r10 ::= SEQUENCE {


bandEUTRA-r10




FreqBandIndicator,


bandParametersUL-r10


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r10


BandParametersDL-r10




OPTIONAL

}

BandParametersUL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersUL-r10

CA-MIMO-ParametersUL-r10 ::= SEQUENCE {


ca-BandwidthClassUL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityUL-r10

MIMO-CapabilityUL-r10



OPTIONAL

}

BandParametersDL-r10 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r10

CA-MIMO-ParametersDL-r10 ::= SEQUENCE {


ca-BandwidthClassDL-r10



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r10

MIMO-CapabilityDL-r10



OPTIONAL

}

CA-BandwidthClass-r10 ::= ENUMERATED {a, b, c, d, e, f, ...}




That is, each supported band combination entry indicates the UL and DL parameters for each band in the combination. A single UL and DL parameter entry can then contain separate parameters for each supported BW classes.

Observation 1: A UE may indicate support for multiple bandwidth classes in a single band combination entry.

2.2 Example 1: UE supporting 2DL intra-band and inter-band CA 
In case the UE supports more than one DL BW class for a band combination, the earlier RAN2 decision (as per [1]) indicates that UE shall indicate those in separate band combination entries.
As an example of above, we consider a UE supporting DL inter-band CA for Band 1 and Band 40, and DL intra-band contiguous carrier aggregation on Band 1 and Band 40. Assume further that the UE does not support UL CA, but supports PCell UL on both Band 1 and Band 40. Hence, the UE indicates its supported carrier aggregation band combinations capabilities as indicated in Table 1 below:
	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	1
	A
	A
	A
	-

	2
	A
	-
	A
	A

	3
	C
	A
	-
	-

	4
	-
	-
	C
	A


Table 1. 2DL+1UL CA band combination entries

The UE must also support the non-CA band combinations for Band 1 and Band 40, as shown in Table 2 below:
	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	0a
	A
	A
	-
	-

	0b
	-
	-
	A
	A


Table 2. Non-CA (i.e. 1DL+1UL) band combination entries

But when looking at the signalling, it would be possible to indicate these also together with the band combination entries #3 and #4, as shown in Table 3:

	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	3a
	A, C
	A
	-
	-

	4a
	-
	-
	A, C
	A


Table 3. Indicating support 2DL/1DL+1UL band combinations in the same entry

Question 1: Would UE ever indicate two DL BW classes in the same band combination entry, e.g. as in Table 3? 

2.3 Example 2: UE supporting both 2DL intra-band CA and 2UL intra-band CA

If we now extend the case in example 1 to a case where the UE supports the same DL band combinations, but also supports 2UL CA on both Band 1 and Band 40, we will see similar issues as in Example 1. 

Consider a case where UE supports 2UL intra-band CA when configured with 2DL CA on Band 1 or Band 40 (i.e. entries #3 and #4 in Table 1). Such a UE would indicate support with the additional band combination entries as shown below in Table 4: 

	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	5
	-
	-
	C
	C

	6
	C
	C
	-
	-


Table 4. Indicating support for 2DL+2UL and 2DL+1UL band combinations in separate entries
However, based on the signalling it can be observed that this could also be incorporated into the entry#2. This is shown below in Table 5:

	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	3b
	C
	A, C
	-
	-

	4b
	-
	-
	C
	A, C


Table 5. Indicating support for 2DL+2UL/1UL band combinations in the same entry

Question 2: Would UE ever indicate two UL BW classes in the same band combination entry, e.g. as in Table 5? 

2.4 Example 3: UE supporting both 3DL intra-band CA and 2UL intra-band CA

A similar issue exists also for DL for cases of 3DL or more: Assume further that, in the case of Example 2, the UE also supports 3DL intra-band CA on both Band 1 and Band 40, and also 2UL intra-band CA at the same time (i.e. UE supports 3DL+1UL and 3DL+2UL on both Band 1 and Band 40). Like with previous examples, the additional signalling for supported band combinations that such UE would indicate based on separate entries is shown in Table 6 below.

	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	7a
	D
	A
	-
	-

	7b
	D
	C
	-
	-

	8a
	-
	-
	D
	A

	8b
	-
	-
	D
	C


Table 6. Indicating support for 3DL + 1UL/2UL band combinations in separate entries

With the same logic as in previous examples, these entries could potentially be incorporated in the entries #3b and #4b as shown in Table 7:
	Band combination entry #
	Band 1
	Band 40

	
	DL BW class
	UL BW class
	DL BW class
	UL BW class

	3c
	D, C
	A, C
	-
	-

	4c
	-
	-
	D, C
	A, C


Table 7. Indicating support for 3DL/2DL + 1UL/2UL band combinations in the same entry
Question 3: Would UE ever indicate two DL BW classes and 2 UL BW classes in the same band combination entry, e.g. as in Table 7? 

2.5 Summary of the previous examples
As can be seen from the previous examples, the issue being discussed can be condensed to whether both of the following signalling options are useful and should be allowed: 
1) A single band combination entry always contains only one UL BW class and one DL BW class, 
2) A single band combination entry may contain more than one UL BW class or more than one DL BW class 
Thus, the discussion boils down to a generic question:
Question: Would UE ever indicate more than one DL or UL BW class in the same band combination entry?

During the offline discussion in RAN2#89 meeting, most companies tentatively agreed that the answer would be “no”: As agreed before for DL band combinations, there should be a separate band entry for each BW class combination. One reason, as cited in [2], is that the bandwidth combination sets for the band combination apply for all UL/DL combinations in the entry, and it is likely they could be different for different BW classes. However, all companies also wished to consider the issue more.
3. Phase 1 Discussion 

Discussion topics

Based on the background above, the goal of this discussion is to address the questions raised in the previous section. The discussion is divided into four separate topics:
Topic 1: What does current specification allow for CA capability reporting?
· Issue 1: Does the current ASN.1 allow combining more than one DL BW class in a single band combination entry?
· Issue 2: Does the current ASN.1 allow combining more than one UL BW class in a single band combination entry?
Topic 2: Is combining more than one BW class in a single band combination entry needed?
· Issue 3: Should combining more than one UL and one DL BW class be avoided in CA capability signalling?
· Issue 4: Are there any cases where combining more than one bandwidth class to a band combination entry would be necessary or beneficial? 
· Issue 5: Do companies agree that UE should always signal only one UL and one DL BW class in a single band combination entry?
Topic 3: How to resolve the signalling for CA capability reporting?
· Issue 6: If changes to 36.331 are needed, from which release onwards should the change be implemented? 
· Issue 7: How should the changes be implemented to TS36.331?
Topic 4: Other issues for CA capability reporting?
· Issue 8: Are there any other issues with the CA capability signalling for UEs that support both UL CA and DL CA in some band combination(s)?
3.1 Topic 1: What does current specification allow for CA capability reporting?

The topic of this section is to consider what the current specification TS36.331 allows. The issues to be discussed are:
· Issue 1: Does the current ASN.1 allow combining more than one UL/DL BW class in a single band combination entry for DL?
· Issue 2: Does the current ASN.1 allow combining more than one UL/DL BW class in a single band combination entry for UL?
	Company 
	Issue 1: Does the current ASN.1 allow combining more than one DL BW class in a single band combination entry?


	
	Yes or no
	Detailed comments

	Qualcomm 
	Yes
	ASN.1 has this additional flexibility 

	NTT DOCOMO
	Yes
	

	Nokia Networks, Nokia Corporation
	Yes
	The ASN.1 allows both options.

However, earlier decisions in RAN2 have already made it clear that UE shall anyway in some cases report each BW class in separate entries.

	Ericsson
	Yes
	The ASN.1 as well as field descriptions, procedure texts etc of 36.331 allows both options. The specification does not mandate the UE to use the “combining option” when possible for UE. Of course, in case UE does not support same capabilities for multiple bandwidth classes, it has to signal them in separate band combination instances.

	Intel 
	Yes
	

	Huawei, HiSilicon
	Yes
	ASN.1 allows this flexibility.


Conclusions:  All companies agree that ASN.1 allows both options.
	Company 
	Issue 2: Does the current ASN.1 allow combining more than one UL BW class in a single band combination entry?


	
	Yes or no
	Detailed comments

	Qualcomm
	Yes
	ASN.1 has this additional flexibility

	NTT DOCOMO
	Yes
	

	Nokia Networks, Nokia Corporation
	Yes
	The ASN.1 allows both options.
However, consistency should be preserved with the way DL BW classes are signaled (see below).

	Ericsson
	Yes
	The ASN.1 allows both options. See Issue 1.

	Intel
	Yes
	

	Huawei, HiSilicon
	Yes
	


Conclusions: All companies agree that ASN.1 allows both options
3.2 Topic 2: Is combining more than one BW class in a single band combination entry needed?

The topic of this section is to consider the need for combining several BW classes in a single band combination entry. The issues to be discussed are:
· Issue 3: Should combining more than one UL and one DL BW class be avoided in CA capability signalling?
· Issue 4: Are there any cases where combining more than one bandwidth class to a band combination entry would be necessary or beneficial? 
· Issue 5: Do companies agree that UE should always signal only one UL and one DL BW class in a single band combination entry?
	Company 
	Issue 3: Should combining more than one UL and one DL BW class be avoided in CA capability signalling?


	
	Yes or no
	Detailed comments

	
	Yes
	Given the current state of implementation and the CA capability signaling challenges (e.g. per band combination capability signaling), we think UE should be allowed to avoid BW class combining. 
On the other hand, allowing BW class combining may lead to capability message size savings. 

RAN2 previously discussed similar cases and agreed that explicit signlaing would be easier to understand and maintain. Therefore, we are OK with preventing the UE from combining BW class values in the same CA band combination group.

	NTT DOCOMO
	Yes
	Although combining multiple BW classes helps to reduce the capability signaling size, we can accept to avoid it considering the current implementation trend. However, we prefer to clarify it in the specification and so the eNB does not have to take care of the unlikely case in the field.

	Nokia Networks, Nokia Corporation
	Yes
	We think this would be the simplest case: UE indicates all of its supported band combinations separately, and each band combination would only include 1 DL and 1 UL BW class.

	Ericsson
	Yes
	In case UE vendors claim this is a signaling option that is expected not to be used in real UE implementations, we are fine to remove this signalling option.

	Intel
	Yes
	We think it is more usual to indicate one BW class in one band enty with multiple CA band combinations than indicating multiple BW classes in one band. If it is required to avoid multiple options to signal the same case, we prefer to avoid this option. 

	Huawei
	Yes
	It is the simplest way, can avoid unnecessary IOT efforts. 


Conclusions: All companies agree that combining multiple BW classes in one entry should be avoided.
	Company 
	Issue 4: Are there any cases where combining more than one bandwidth class to a band combination entry would be necessary or beneficial?


	
	Yes or no
	Detailed comments

	Qualcomm
	No for necessary, maybe for benefitial 
	Combining more than one bandwidth class to a band combination entry is not necessary, but if defined well, it may be benefitial for capability message size reduction. 

	NTT DOCOMO
	Yes
	As commented to Issue 3, it is beneficial to reduce the signaling size.

	Nokia Networks, Nokia Corporation
	Not necessary, unclear about benefits
	Signalling single BW class per band combination is always a valid signalling option. 

However, having less band combination entries does save some bits in the capability signalling, and may allow UE to fit more band combination entries in the capability signalling. However, we are not sure whether this benefit will materialize in practice, given that sometimes UE anyway has to signal band entries with just one BW class.

	Ericcson
	Yes
	UE that support UL and DL parameters of a band combination for multiple bandwidth classes will consume less band combination instances in the signaling. This is a benefit.

	Intel 
	Not necessary
	We don’t see much benefit in this signaling approach. 

	Huawei,HiSilicon
	Yes
	It can reduce the signaling size.


Conclusions: Several companies think that combining could reduce the size of signalled capabilities but no company sees is clearly necessary.
	Company 
	Issue 5: Do companies agree that UE should always signal only one UL and one DL BW class in a single band combination entry?

	
	Yes or no
	Detailed comments

	Qualcomm 
	Yes
	We are OK with this restriction for the sake of similcity. On the other hand we think RAN2 should consider a better way of CA capability signaling for Rel-13 now that we are discussing many more carriers. 

	NTT DOCOMO
	Yes
	As commented to Issue 3, we can accept this restriction as long as it is clarified in the specification.

	Nokia Networks, Nokia Corporation
	Yes
	We are fine to accept this restriction in the specification.

	Ericsson
	Yes
	We are ok to remove the signaling oprion of multiple bandwidth classes in a band combination. 

	Intel
	Yes
	We are ok to restrict to one signaling option to indicate one UL BW class in one signle band combination entry. 

	Huawei,HiSilicon,
	Yes
	We are ok to have this restriction on CA capability reporting.


Conclusions: All companies think that the proposed restriction is agreeable.
3.3 Topic 3: How to resolve the signalling for CA capability reporting?

The topic of this section is how to resolve the capability signalling in TS36.331, if changes are seen necessary. The issues to be discussed are:
· Issue 6: If changes to 36.331 are needed, from which release onwards should the change be implemented? 
· Issue 7: How should the changes be implemented to TS36.331?

	Company 
	Issue 6: If changes to 36.331 are needed, from which release onwards should the change be implemented?


	
	Rel-10, Rel-11, Rel-12 or Rel-13?
	Detailed comments

	Qualcomm
	Rel-11
	We think that no UE does the BW class combining as of today, so Rel-11 should be OK without any backwards compatibility issues. 

	NTT DOCOMO
	Rel-11 or 12
	The UE supporting multiple BW classes for a single frequency band will be realistic when 3 DL and /or 2 UL CA is supported. In that sense, Rel-11 or 12 would be reasonable.

	Nokia Networks, Nokia Corporation
	Rel-11 (or even Rel-10)
	In principle we could do the change already from Rel-10. However, probably Rel-11 would be more reasonable given the current deployment situation.

	Ericsson
	Rel-11 or Rel-12
	As there seems no issue with existing UE implementations (the signaling option is not used), and hence no  backwards compatibility issues in real networks, a Rel-12 clarification should be enough, preventing UE from signaling more than one UL and DL bandwidth class per band combination.

	Intel
	 Rel-11
	We are ok to apply it from Rel-11. 

	Huawei, HiSilicon
	Rel-11 or Rel-12
	The category for 3DL was introduced in Rel-11, however considering there is no issue for existing UE implementation, the clarification from rel-12 is enough.  


Conclusions: Majority of companies would be fine with Rel-11 correction, but some companies think Rel-12 would be enough
	Company 
	Issue 7: How should the changes be implemented to TS36.331?

	
	Detailed comments

	Qualcomm
	Without ASN.1 change, we can add it to the description portion or even 36.306… No strong preference

	NTT DOCOMO
	It can be clarified in the field description of TS 36.331 or 306. Either way is fine with us.

	Nokia Networks, Nokia Corporation
	We think the restriction can be captured in the field description.

	Ericsson
	We agree the restriction can be captured in the field description.

	Intel
	 We are ok to describe the restriction in the field description. 

	Huawei, HiSilicon
	We are ok to add the restriction in the field description.


Conclusions:  Majority of companies would be fine with modifying the field description to account for the restriction. Some companies also considered the change could be captured in 36.306. 
3.4 Topic 4: Other issues for CA capability reporting?

This section is intended to capture any other issues arising during the discussion, i.e. discuss the following:
· Issue 8: Are there any other issues with the CA capability signalling for UEs that support both UL CA and DL CA in some band combination(s)?
	Company 
	Issue 8: Are there any other issues with the CA capability signalling for UEs that support both UL CA and DL CA in some band combination(s)?


	
	Detailed issue

	Qualcomm
	Nothing major, but we think RAN2 should discuss the UL CA fall back cases a bit with more detail. For DL CA, we discussed and agreed that explicit repetition of all subset combinations is the way forward. It would be good to confirm the same is the case for UL CA. 
Basically, it would be good to answer the following question: Can eNB assume that UE supports 2DL +1UL if it signals 2DL + 2UL? Or explicit signlaing of 2 DL + 1UL is required? 

· We can consider explicit signaling just like DL where both 3 DL+1UL and 2 DL+1UL are signaled by the UE explicity dur to the fact that they can have different dependent capabilities.  

	NTT DOCOMO
	On the UL fall back cases raised by Qualcomm, it does not help for the UE supporting up to 2DL+2UL CA to reduce the capability size. This is because RAN2 agreed to include all the 2DL+1UL CA combinations for backward compatibility. On the other hand, if the UE supports 3DL CA and more together with UL CA, the UE can omit the DL only CA capabilities except for 2DL+1UL, which would help to reduce the capability size. The fall back among UL CA combinations (e.g., 3UL -> 2UL), would be difficult due to different capabilities related to UL (e.g., multiple-TA).

	Nokia Networks, Nokia Corporation
	The UL fallback cases do indeed require more discussion. We think that UE always explicitly signalling the supported band combinations would always work, and agree with QC this could be a way forward consistent with earlier decisions on DL fallback cases.
We would also note that the recent RAN decision on the way forward for PCell support (see RP-150476) may have some implications to this discussion, but we assume RAN4 will inform RAN2 once there is more progress on that matter.

	Ericsson
	We agree that we need discussions on the UL fallback requirements an to what extent we can make use of this in band combination signaling.

	Intel
	Similar to DL CA, it is reasonable to assume that the UE should explicitly indicate all possible UL CA combinations including fall back cases. We are open to further discussion, but it is always hard to specify further optimization in band combination signaling. 

	Huawei, HiSilicon
	We could consider how to reduce capability size if RAN4 has any agreements on fall back case.


Conclusions: Two issues on UL fallback cases and mandatory PCell support were raised:

· UL CA fallback cases: Does signalling of 2UL+2DL implicitly indicate UE shall also support all 1UL sub-combinations? Would the UE always signal the 1UL cases explicitly (just like for DL fallback cases)?

· RAN4 discussion on mandatory PCell support (see RP-150476) may have some impact on RAN2.

Both of these are linked to the issue discussed here, and would require further discussion in RAN2.

4. Phase 2 discussions (way forward and possible a draft CR)

The goal of the Phase 2 discussion is to consider the way forward based on the conclusions of Phase 1. In particular, in case Phase 1 concludes that CRs to 36.331 are required, the content of the CRs will be discussed. In addition, in case additional issues are raised during the Phase 1 discussion, they will be discussed at this phase.
Conclusions: No conclusions (the discussion did not take place). 

The Rapporteur proposes that as the conclusion of the e-mail discussion, the following should be discussed and decided in RAN2:

Proposal 1: Adopt the restriction that UE shall only indicate one UL BW in one band combination entry from Rel-11

Proposal 2: Implement the restriction as a modification to field description in capability signalling (FFS how exactly)
The CRs can be discussed in company contributions.
5. Summary and conclusions
Quick summary discussion 

8 companies (Qualcomm, NTT Docomo, Nokia Networks, Nokia Corporation, Ericsson, Intel, Huawei and HiSilicon) provided responses to the discussion. 

As conclusion, the majority of companies agree that restrictions to the UL CA capability signalling could be introduced. Some additional related topics requiring further RAN2 discussion were also identified during the discussion.
Detailed summary of discussion
Topic 1: What does current specification allow for CA capability reporting?
Conclusions: All companies agree that the current ASN.1 allows combining more than one UL or DL BW class in a single band combination entry.
Topic 2: Is combining more than one BW class in a single band combination entry needed?
Conclusions: All companies agree that combining multiple BW classes in one entry should be avoided, even though several companies think that combining could reduce the size of signalled capabilities. No company sees is clearly necessary to allow the combining, and all companies think that the proposed restriction is agreeable.
Topic 3: How to resolve the signalling for CA capability reporting?
Conclusions: Majority of companies would be fine with Rel-11 correction, but some companies think Rel-12 would be enough. Majority of companies would be fine with modifying the field description to account for the restriction. Some companies also considered the change could be captured in 36.306. 
Topic 4: Other issues for CA capability reporting?
Conclusions: Two issues on UL fallback cases and mandatory PCell support were raised:

· UL CA fallback cases: Does signalling of 2UL+2DL implicitly indicate UE shall also support all 1UL sub-combinations? Would the UE always signal the 1UL cases explicitly (just like for DL fallback cases)?

· RAN4 discussion on mandatory PCell support (see RP-150476) may have some impact on RAN2.

Both of these are linked to the issue discussed here, and would require further discussion in RAN2.

Overall conclusion

The Rapporteur proposes that as the conclusion of the e-mail discussion, the following should be discussed and decided in RAN2:

Proposal 1: Adopt the restriction that UE shall only indicate one UL BW in one band combination entry from Rel-11

Proposal 2: Implement the restriction as a modification to field description in capability signalling (FFS how exactly)
The CRs can be discussed in company contributions.
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